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I 

SPURIOUS RESPONSE REJECTING MIXER 
USING SPREAD SPECTRUM TECHNIQUES 

BACKGROUND OF INVENTION 
This invention relates generally to communications systems and more 
5 specifically to mixing and filtering circuits for communications systems. 

Numerous types of communication systems are well known including radio, 
television, telephone, microwave, sattilite, fiber optic communications, and others. The 
operation of most communications systems is similar in that each system mixes a base 
signal with a canier frequency to produce a modulated signal which is transmitted 
10 through some medium(e.g. air, cable, optical fiber, etc.) A receiver then reverses this 
process and recovers the original base signal. 

Figure 1 illustrates a simplified communications system. In a transmitter 10, a 
base signal is mixed with a carrier frequency in mixer 1 1 producing a modulated signal. 
The modulated signal is radiated by transmitting antenna 12 to receiving antenna 13. In 
15 receiver 14, mixer 15 mixes the received signal with a local oscillator to recover the 

original base signal. Filters 16 A, 16B, 16C, and 16D block undesired noise at each step 
of the process and provide a clearer signal. 

A common problem in communication systems is separating the desired signal 
from noise, spurious signals, and the like. One type of noise, known as spurious 
20 responses, are generated as a result of mixing two signals as described above. Mixing 
two signals generates responses at the sum and difference frequencies of the mixed 
signals and multiples thereof. This is shown in the formula: 

fs = (M*fi)+/-(N*f2) 
where fg represents the response frequencies generated, f i and f2 are the signals mixed, 
25 and M and N are integers. 

The problem is easily demonstrated by example. Suppose it is desired to 
translate an 80 MHz signal down to 10 MHz in a receiver. A 90 MHz local 
oscillator(L.O.) can be used since 90 - 80 = 10. However, an undesired signal at 100 
MHz is also translated to 10 MHz since 100 - 90 = 10. In this example the undesired 
30 signal (or image response) is translated to the same frequency as the desired signal and 
once both signals are mapped to the same frequency it is difficult if not impossible to 
separate them. 
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The prior art attempts to solve this problem by filtering the signals before and 
after mixing as shown in Figure 1. Filters 16A, 16B, 1 6C, and 16D in Figure 1 are 
designed to pass the desired signal while blocking undesired signals. In actual 
communications systems, complex circuits having multiple mixers, pre-filters, post- 
5 filters, signal amplifiers, and complex digital signal processing techniques are used to 
separate desired signals from noise and spurious responses. 

The prior art techniques are a disadvantage, however, when the desired signal 
covers a wide frequency range. Also, spurious inputs sometimes fall very close to or 
overlap the desired signal frequency range making it difficult to construct a filter with 
10 the desired rejection characteristics. The problem is accentuated when working with 
weak signals such as those used in satellite communications or when the circuit must 
operate near other circuits which also have multiple mixers which generate spurious 
signals. 

Clearly there exits a need for an improved circuit and method for mixing signals 
1 5 which effectively discriminates between desired signals and image responses, requires 
fewer fillers, and is simple in design. 

SUMMARY OF THE INVENTION 
The invention creates a mixing circuit which uses spread spectrum techniques to 
discriminate between desired signals and image responses associated with signal 
20 mixing, frequency translation, and the like. In a receiver, the radio frequency(R.F.) 

input signal is mixed with a spread spectrum local oscillator(L.O.) producing a spread 
spectrum intermediate frequencyG.F.) signal. The spread spectrum I.F. signal is then 
filtered and mixed with a second spread spectrum L.O. which de-spreads the I.F. signal. 
The second L.O. is driven vAth the same spreading function as the first L.O. and 
25 therefore the desired signal is correctly de-spread while the spurious signals, including 
. images, are not. The circuit is equally useful in both transmitters and receivers. In 
general, the circuit is useful in any system where two or more signals are multiplied and 
it is desired to reject spurious signals. 

Spread spectrum communications are well known in the art. Spread spectrum is 
30 a means of communicating by purposely spreading the spectrum of a communications 
signal well beyond the bandwidth of the unspread signal. A receiver de-spreads the 
commimications signal back to its original bemdwidth to recover the desired signal. 
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Spread spectrum communication is particularly useful in military applications since, 1 ) 
the power of the transmitted wave is "spread" over a large bandwidth and is easily 
disguised as noise, and 2) the signal can not be easily "de-spread" without knowing the 
spreading code or function. 
5 Spread spectrum communication systems function essentially the same as the 

conventional communications system, however, in spread spectrum systems the carrier 
frequency in the transmitter and the L.O. iii the receiver are both spread spectrum 
signals. Discussion of spread spectrum techniques are available in many publications 
including the Encyclopedia Of Electronics And Computers, 2nd ed., published in 1988 

10 by McGraw-Hill, pgs. 847-849, which is incorporated herein by reference. 

It has been discovered that spread spectrum techniques can be used in a new way 
to reject image responses and spurious signals when mixing two or more signals. The 
invention uses two mixers and two spread spectrum signals to first spread an input 
signal and then de-spread only the desired signal while leaving the undesired signals 

15 spread. A first mixer mixes the input signal with a first spread spectrum signal thus 
producing a spread spectrum I.F signal. The mixer is any signal mixer commonly 
known in the art. Next, the LF, signal is filtered allowdng the spread signal to pass while 
blocking other frequencies. A second mixer mixes the filtered I.F. signal with the 
second spread spectrum signal which is driven by the same spreading fijnction as the 

20 first spread spectrum signal. The second spread spectrum signal is in step with the first 
spread spectrum signal such that only the desired signal is correctly de-spread from the 
LF. signal while the spurious signals remain spread. The signal is then passed through a 
second filter which passes the desired narrow band signal while blocking much of the 
spurious spread signals. The amount of rejection provided by the second filter is a 

25 function of the ratio of the desired signal bandwidth to the spread spectrum bandwidth. 
The significant features of the invention are illustrated in the Figures and 
described more fully below. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows the prior art circuit for fi-equency translation of communication 

30 signals. 

Figure 2 shows the preferred embodiment of the invention. 



wo 96/01006 



4 



PCT/US95/08019 



Figures 3A through 3F illustrate the frequency translation of signals using the 
invention. 

Figure 4 shows a communications system using the invention. 

DETAILED DESCRIPTION OF THE INVENTION 
5 Figure 2 shows the preferred embodiment of the invention. The invention is 

illustrated and described being used as a down-converter in a receiver. Those skilled in 
the a* t readily see that the invention is equally useful as an up-converter in a transmitter 
or in otlier frequency mixing applications. The frequency values illustrated are for 
descriptive purposes only and are not intended to limit the scope of the invention. 
1 0 Down converter 20 is comprised of first mixer 2 1 , first spread spectrum local 

oscillator(L.O0 22, and filter 23. First mixer 21 mixes the radio frequency(R.F.) input 
signal with the spread spectrum local oscillator(L.O.) signal from first spread spectrum 
L.O. 22. First mixer 21 is any mixer commonly known in the art. In the illustrated 
embodiment, first mixer 21 mixes an 80 MHz R.F, input signal with a 90 MHz L.O. 
15 signal and outputs a 10 MHz spread spectrum intermediate frequency(l.F.). 

First spread spectrum L.O. 22 is any spread spectrum L.O, commonly known in 
the art. The preferred embodiment uses a pseudo random frequency hopping type 
spreading function, however, any of several spreading functions may be used including 
chirp type spreading functions. The bandwidth of the first spread spectrum L.O. 22 is 
20 selected as a function of the desired rejection of the undcsircd spurious signals. The 
undesired spurious signals are rejected to a degree that is a function of the ratio of the 
bandwidth of the desired signal to the bandwidth of the spread spectrum L.O. signal. 

First filter 23 is any signal filter commonly known in the art. First filter 23 
passes the desired spread spectrum I.F. signal and blocks or rejects other undesired 
25 frequencies. First filter 23 is preferably wide enough to pass the bandwidth of the 
desired signal plus the spread spectrum signal from the first L.O. 22. 

De-spreader circuit 25 is comprised of second mixer 26, second spread spectrum 
L.O. 27, and second filter 29. Second mixer 26 mixes the spread spectrum intermediate 
frequency(I.F.) signal from dovm converter 20 with the spread spectrum local 
30 . oscillator(L.O.) signal from the second spread spectrum L.O. 27. Second mixer 26 is 
any mixer commonly known in the art used. In the illustrated embodiment, second 
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mixer 26 mixes a 10 MHz spread spectrum l.F. signal wiih a 9 MHz spread specirum 
L.O. signal and outputs a 1 MHz de-spread signal. 

Second spread spectrum L.O. 27 is similar to first spread spectrum L.O. 21 . 
however, second spread spectrum L.O. 27 preferably operates at a lower frequency since 
5 it is primarily for de-spreading and not primarily for fi-equency translation. The second 
L.O. 27 is driven by the same spreading function as the first L.O. 21 (i.e. the second L.O. 
is in step with the first L.O.) so that the desired signal is correctly de-spread fi-om the 
spread spectrum I.F. signal. To achieve exact tracking, the preferred embodiment 
inserts delay 28 in the spreading signal path to delay the spreading hmction slightly to 
10 compensate for the delay introduced by first filter 23. 

The output of second mixer 26 passes through second filter 29 which passes the 
desired narrow band signal while blocking other frequencies. Since the undesired 
spurious signals are still spread at the input to the second filter 29 and have a much 
wider bandwidth, second filter 29 easily attenuates them. The amount of rejection or 
15 attenuation provided by second filter 29 is determined by the ratio of the desired signal 
bandwidth to the spread spectrum bandwidth. Second filter 29 is preferably wide 
enough to pass only the narrow bandwidth desired signal. 

Spreading function generator 24 is any spreading generator commonly known in 
the art. The preferred embodiment uses a frequency hopping type of spreading function, 
20 however, many other spreading functions such as chirp type spreading functions also 
work. The preferred embodiment also uses one spreading function generator to drive 
both L.O.*s 22 and 27. Those skilled in the art readily recognize that the single 
spreading function generator is easily replaced by two synchronized generators 
incorporated into each L.O. 
25 In the described embodiment, only the I.F. signal resulting from the desired 80 

MHz input signal will be spread correctly. Any I.F. signal resulting from the image 
input or other mixer spurious responses involving a harmonic of the first spread 
spectrum signal will be incorrectly spread at the wrong rate or in the wrong direction. 
In some systems, responses generated by harmonics of the first spread spectrum signal 
30 are actually the desired signals. By using appropriate de-spreading functions known to 
those skilled in the art, any one of the responses can be correctly de-spread as the 
desired output and the others rejected. 
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Those skilled in the art readily recognize alternate yet equivalent embodiments 
of this invention. Many different frequencies and spreading functions are equally 
suitable for proper operation of the invention. Alternate embodiments envision 
independent synchronized spreading functions built into each L.0-, additional filters, 

5 and alternate delay circuit locations. 

Figures 3 A through 3F illustrate the frequency translation of signals using the 
invention and how undesired signals are attenuated by the invention. The graphs show 
frequency along the X axis and signal strength along the Y axis. 

Figure 3 A shows two possible R.F. input signals which feed first mixer 21 in 

10 Figure 2. A desired signal 30 is shown centered at 80 MHz and an undesired signal 31 
is shown centered at 100 MHz. Depending on the bandwidth of the signals and other 
factors, it may be difficult using the prior art to built filters to block the undesired signal 
3 1 . Figure 3B shows the spread spectrum L.O. signal generated by the first L.O. 22 in 
Figure 2. First spread spectrum L.O. signal 32 is centered at 90 MHz. The arrow 

1 5 through the mid portion of first L.O. signal 32 indicates the signal is spread spectrum 
and moving as indicated. 

Figure 3C shows the spread spectrum LF. signal output of first mixer 21 in 
Figure 2. Since 90 MHz - 80 MHz = 10 MHz, and since 100 MHz - 90 MHz = 10 MHz, 
both the desired signal 30 and the undesired signal 31 are mapped to the same 

20 frequency. In other words, the desired signal is correctly spread in the bmdwidth but 
the undesired signal in not. This is indicated by arrows 34 and 35. Arrow 34 indicates 
the desired signal is moving in step with the first L.O. signal while airow 35 illustrates 
the undesired signal moving in the opposite direction. Those skilled in the art 
understand that even though both signals are spread across the same frequency range, 

25 the desired signal may be recovered since it is spread differently from the undesired 
signal. 

The spread spectrum signals shown in Figure 3C feed into second mixer 26 in 
Figure 2 where they are mixed with second spread spectrum L.O. signal 36 shown in 
Figure 3E centered at 9 MHz. Figure 3D is identical to Figure 3C but is rescaled to aid 
30 understanding of Figures 3E and 3F. Second L.O, signal 36 represents the output of 
second spread spectrum L.O. 27 in Figure 2. Second L.O. signal 36 is driven by the 
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same spreading function as the first L.O. 32 and therefore correctly de-spreads the 
desired signal 30 from spread spectrum LF. signal. 

Figure 3F illustrates the output of second mixer 26. Since 1 0 MHz - 9 MHz = 1 
MHz, both the desired signal and undesired signal are translated to 1 MHz. However, 
5 the undesired signal remains spread, as indicated by arrow 37, while the desired signal 
has been correctly de-spread to normal bandwidth. The signals of Figure 3F are input to 
second filter 29 where the undesired signal is rejected as a function of the ratio of 
desired signal bandwidth to spread spectrum bandwidth. 

The invention is particularly useful in communications systems which process 
10 weak signals such as those used in satellite communications. Figure 4 illustrates a 
satellite communications system using the invention in both the transmitter and the 
receiver. Ground station 40 uses the invention in a transmitter to generate signal 41 . 
Signal 4 1 is transmitted to satellite 42 where it is either reflected or re-transmitted. 
When satellite 42 is a repeater type satellite, it uses the invention to in both its receive 
15- and its transmitter. Signal 4 1 is received by a receiving station such as aircraft 43 which 
uses the invention in a receiver to receive signal 41 and reject spurious signals. 

The invention can be used alone or as an adjunct to conventional spurious 
rejection techniques to achieve improved performance. The use of digital signal 
processing techniques, although not required to practice the invention, can ease 
20 implementation of the invention. This is particularly true if direct digital synthesis 
techniques are used to generate the spread spectrum L.O.'s. The I.F. signal is then 
digitized and the de-spreading function performed using digital signal processing 
techniques. 

This detailed description of the invention is intended for descriptive purposes 
25 only and is not intended to limit the scope of the invention. Although this description 
has described the invention as used in a communications system, those skilled in the art 
readily recognize that the invention is useful in many-other applications. This includes, 
but is not limited to, multipliers used in sample and hold systems for analog to digital 
converters, digital communications, digital radios, and generally any device that uses 

30 multipliers. 

It is clear from the foregoing that the present invention represents a new and 
useful circuit for mixing signals and rejecting spurious signals. 
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CLAIMS 

The embodiments of an invention in which an exclusive property or right is 
claimed are defined as follows: 

1 . A spurious response rejecting mixer apparatus for frequency translating a desired 
5 input signal and rejecting spurious signals in a communications system, said apparatus 

comprising: 

a) a first mixer having a first input, a second input, and an output, said first input 
for receiving said desired input signal; 

b) a first local oscillator, said first local oscillator generating a first spread 

10 spectrum signal, said first local oscillator in communication with said second input of 
said first mixer; 

c) a second mixer having a first input, a second input, and an output, said first 
input in communication with said output of said first mixer; and, 

d) a second local oscillator, said second local oscillator generating a second 
15 spread spectrum signal driven with the same spreading function as said first local 

oscillator such that said second mixer correctly de-spreads said desired input signal. 

2. The spurious response rejecting mixer apparatus according to claim 1 further 
comprising a first filter interposed between said output of said first mixer and said first 

20 input of said second mixer, said first filter passing fi-equencies containing said desired 
input signal and rejecting signals in other fi-equencies. 

3. The spurious response rejecting mixer apparatus according to claim 2 further 
comprising a second filter in communication with said output of said second mixer, said 

25 second filter passing fi-equencies containing said desired input signal and rejecting 
signal in other fi-equencies. 

4. The spurious response rejecting mixer apparatus according to claim 3 further 
comprising a spreading function generator in communication with said first mixer and 

30 said second mixer, said spreading function generator communicating a spreading 
function to said first mixer and said second mixer. 
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5. The spurious response rejecting mixer apparatus according to claim 4 further 
comprising a delay circuit interposed between said spreading fiinction generator and 
said second input of said second mixer. 

6. A mixing circuit for mixing an input signal with local oscillator signals and 
rejecting spurious responses, said mixing circuit comprising: 

a) first spread spectrum oscillation means for generating a first spread spectrum 

signal; 

b) first mixing means for mixing said input signal and said first spread spectrum 
signal and for generating a spread spectrum intermediate signal; 

c) second spread spectrum oscillation means for generating a second spread 
spectrum signal which is in step with said first spread spectrum signal; and, 

d) second mixing means in communication with said first mixing means for 
mixing said spread spectrum intermediate signal and said second spread spectrum signal 
and for generating an output signal containing a de-spread desired signal. 

7. The mixing circuit according to claim 6 further comprising first filter means for 
filtering said spread spectrum intermediate signal such that desired predetermined signal 
frequencies are passed and undesired frequencies are blocked. 

8. The mixing circuit according to claim 7 fiirther comprising second filter means 
for filtering said output signal such that desired signal firequencies are passed and 
undesired fi-equencies are blocked. 

9. The mixing circuit according to claim 8 fiirther comprising delay means in 
communication with said second mixing means for delaying said second spread 
spectrum signal. 



1 0. The mixing circuit according to claim 9 further comprising spreading fiinction 
means for communicating a spreading fiinction to said first spread spectrum oscillation 
means and said second spread spectrum oscillation means. 
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11. A communications system comprising: 

a) transmitter means for transmitting a communication signal, said transmitter 
means comprising, 

1) a first spread spectrum oscillator generating a first spread spectrum 

5 signal; 

2) a first mixer having a first input for receiving said communication 
signal, a second input in communication with said first spread spectrum oscillator for 
receiving said first spread spectrum signal, and an output; 

3) a second spread spectrum oscillator generating a second spread 
10 spectrum signal being in step with said first spread spectrum signal; and, 

4) a second mixer having a first input in communication with said output 
of said first mixer, a second input in communication with said second spread spectrum 
oscillator, and an output; and, 

b) a receiver for receiving said communication signal. 

15 

12. The communications system according to claim 1 1 wherein said transmitter 
means includes a first filter interposed between said output of said first mixer and said 
first input of said second mixer, said first filter passing desired signal fi-equencies and 
blocking undesired signal frequencies. 

20 

13. The communications system according to claim 12 wherein said transmitter 
means includes a second filter in communication with said output of said second mixer, 
said second filter passing desired fi-equencies and blocking other fi*equencies. 

25 14. The communications system according to claim 1 3 wherein said transmitter 
means includes a delay circuit in communication with said second spread spectrum 
oscillator, said delay circuit delaying said second spread spectrum signal by a 
predetermined amount of time. 



30 



15. 



A communications system comprising: 

a) a transmitter for transmitting a communicaiion signal; and, 

b) a receiver for receiving said communication signal, said receiver comprising, 
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1) first spread spectrum oscillation means for generating a first spread 
spectrum signal; 

2) first mixing means for mixing said communication signal and said first 
spread spectrum signal and generating a spread spectrum intennediate fi-equency signal: 

3) second spread spectrum oscillation means for generating a second 
spread spectrum signal which is in step with said first spread spectrum signal, and, 

4) second mixing means for mixing said spread spectrum intermediate 
frequency signal and said second spread spectrum signal and generating an output 
signal. 

1 6. The communications system according to claim 15 wherein said receiver 
includes a first filter means interposed between said first mixing means and said second 
mixing means for filtering said spread spectrum intermediate frequency signal such that 
desired signal frequencies are substantially passed and other frequencies are 
substantially blocked. 

1 7. The communications system according to claim 1 6 wherein said receiver 
includes second filter means in commtmication with said second mixing means for 
substantially passing desired signal frequencies and substantially blocking other 
frequencies. 

18. The communications system according to claim 1 7 wherein said receiver 
includes a delay circuit in communication with said second spread spectrum oscillation 
means, said delay circuit delaying said second spread spectrum signal by a 
predetermined amount of time. 

1 9. A method of mixing a desired signal with local oscillators for frequency 
translating the desired signal and rejecting spurious signals, said method comprising the 
steps of: 

a) providing a first mixer and a second mixer; 
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b) providing a first local oscillator for generating a first spread spectrum signal 
and a second local oscillator for generating a second spread spectrum signal, said second 
spread spectrum signal in step with said first spread spectrum signal; 

c) mixing said desired signal and said first spread spectrum signal in said first 
5 mixer and generating a spread spectrum intermediate signal; 

d) mixing said spread spectrum intermediate signal and said second spread 
spectrum signal in said second mixer and generating an output signal. 

20. The method according to claim 19 wherein the step of mixing the desired signal 
10 is followed by the steps of: 

a) providing a first filter suitable for passing frequencies containing said desired 
signal in said spread spectrum intermediate signal; and, 

b) filtering said spread spectrum intermediate signal with said first filter. 

15 21. The method according to claim 20 wherein said second local oscillator includes 
a delay circuit providing a delay equal to the delay induced to said intermediate signal 
by said first filter. 
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